ABSTRACT.--Arctic-nesting geese build large, insulated nests to protect developing embryos from cold ambient temperatures. Ross' Geese (Chen rossii) are about two-thirds the mass of Lesser Snow Geese (C. caerulescens caerulescens), have higher mass-specific metabolic rate, and maintain lower nest attentiveness, yet they hatch goslings with more functionally mature gizzards and more protein for their size than do Lesser Snow Geese. We compared nest size (a reflection of nest insulation) in four distinct habitats in a mixed breeding colony of Ross' Geese and Lesser Snow Geese at Karrak Lake, Northwest Territories, Canada. After adjusting measurements for nest-specific egg size and clutch size, we found that overall nest morphology differed between species and among habitats. Nest size increased progressively among heath, rock, mixed, and moss habitats. When nesting materials were not limiting, nests were smaller in habitats that provided cover from wind and precipitation than in habitats that did not provide cover Ross' Geese constructed relatively larger, more insulated nests than did Lesser Snow Geese, which may hasten embryonic development, minimize energy expenditure during incubation, and minimize embryonic cooling during recesses. We suggest that relative differences in nest morphology reflect greater selection for Ross' Geese to improve nest insulation because of their smaller size (adults and embryos), higher mass- Within species, nest-building behavior may be adapted to maximize efficiency of nest insulation in response to cumulative embryonic metabolic rates, which are products of clutch size and embryo body size. Because of the relationship between surface area and volume, small eggs and clutches have greater rates of heat transfer than larger eggs and clutches, all else being equal. These factors are particularly important under the windy conditions that pre-610
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where H represents heat flow, k represents thermal conductivity, T represents temperature, and x represents thickness of insulating material (Serway 1990). We predicted that nest size would vary inversely with body size and incubation constancy and would vary positively with mass-specific metabolic rate. We also predicted that nest size should be greater in habitats that are more exposed to wind and precipitation, when adequate nest materials are available (Ryder 1964 (Ryder , 1967 (Ryder , 1972 
We used multivariate analysis of variance (MAN-OVA) to test whether nest measurements differed among species and habitats (PROC GLM; SAS 1990).
We used a split-plot design to account for variance due to plot effect, which potentially contains components of both sampling error and natural variation due to density and nonrandom distributions of geese. In the full model, species and habitat were fixed effects, whereas plot was a random effect. Fvalues reported from MANOVA were determined using Wilks' lambda. Beginning with the largest-order interaction, nonsignificant effects were iteratively removed from the model tmtil we obtained the most parsimonious model containing only significant effects. Following a significant MANOVA, we used analysis of variance (ANOVA) to test whether individual nest measurements differed among significant effects. We compared least squares means among habitat types with t-tests (PDIFF option; SAS 1990). We did not find any Ross' Goose nests in rock habitats; consequently, only heath, moss, and mixed habitat nests were included in models comparing species and habitats. We subsequently compared the four habitats in a separate model for Lesser Snow Geese. In this model, we did not divide nest measurements by the square root of clutch volume but rather included the square root of clutch volume as a covariate because clutch volume and habitat were not related (F = 0.96, df = 7 and 40, P = 0.47). We used ANOVA to test whether first-egg date differed between species, and among habitats and plots. We used ANCOVA to compare mean clutch size between species and among plots, with initiation date included as a covariate. We used categorical data analyses (PROC CATMOD; SAS 1990) to test whether nest success varied between species and among habitat types.
RESULTS
The average date that first eggs were laid was 3 June, and this did not differ between species or among habitats and plots (all Ps > 0.12). Clutch size was inversely related to first-egg date (F = 1.44, df = 1 and 101, P = 0.0001) but did not differ between species or vary in relation to plot, species-by-initiation date, or plotby-species-by-initiation date (all Ps > 0.23). (Table 1) . Nest-bowl depth and nest inner diameter did not differ between species, probably because they are a function of female body size, egg size, and clutch size (all of which were accounted for by the correction factor). Despite differences in relative size of nests, nest mass did not differ between species, perhaps because nests were not dried, and small amounts of soil, pebbles, and old nest fragments could not be separated from nests. Outer diameter, wall thickness, circumference, rim height, and nest mass increased progressively across heath, mixed, and moss habitats, i.e. from more protected to less protected habitats. Bowl depth and inner diameter did not differ among habitats (Table 2) Because of their larger body size, Lesser Snow
Geese probably are better able to tolerate conditions in the more exposed rock habitats. Consequently, they tend to nest in rock habitats out of proportion to its availability. Microhabitat nest-site selection probably occurs after geese have set up territories. Within a territory, there is considerable variation among possible nest sites, and females sometimes exhibit nest-building behavior in several locations within the territory prior to laying the first egg (Afton unpubl. data). A small dwarf birch, patch of Labrador tea, or pile of small boulders, less than a meter in diameter, may yield a nest site that provides excellent protection from wind, whereas an adjacent area of bare ground may offer little protection from the wind. Small-scale factors such as proximity to adjacent territory holders may influence nest- In light of the physiological differences between Ross' Geese and Lesser Snow Geese, we suggest that overall fitness consequences are associated with nest construction and selection of nesting habitat in arctic-nesting geese. We hope that this paper will inspire more comprehensive studies of fitness consequences resulting from nest morphology and site selection.
Experiments involving manipulation of nest materials (particularly down) coupled with measurements of incubation temperatures and hatchling body condition would be particularly informative.
